A rapid UPLC method was developed for the simultaneous analysis of five indole alkaloids (harmalol, harmol, harmane, harmaline and harmine) and four flavonoids (orientin, isoorientin, vitexin, and isovitexin) from the aerial parts of Passiflora incarnata L. (Passifloraceae), other species of Passiflora (P. violacea Vell., P. edulis Sims., P. suberosa L., P. morifolia Mast. and P. quadrangularis L.), Peganum harmala, and dietary supplements that claim to contain Passiflora. The separation was achieved within eight minutes by using C-18 column, a water/acetonitrile mobile phase, both containing formic acid, using a gradient system and a temperature of 35C. The method was validated for linearity, repeatability, limits of detection (LOD), and limits of quantification (LOQ). The wavelength used for quantification with the diode array detector was 340 nm for flavonoids and alkaloids. The developed method is simple, economic, fast and especially suitable for quality control analysis of flavonoids and alkaloids in plant samples and dietary supplements. The compounds (including isoschaftoside and schaftoside) in plant samples and commercial products of Passiflora were identified and confirmed by UPLC-MS. A HPTLC method was also developed for the chemical fingerprint analysis of Passiflora samples. The roots, which are practically devoid of anxiolytic effects, can act as adulterants and should be separated from the aerial parts [2] . The aerial parts of Passiflora species especially P. alata Dryander, P. edulis Sims, and P. incarnata L. have been traditionally used in America and Europe to treat anxiety and nervousness [3,4a,b,5]. P. incarnata is included in the current European and British Pharmacopoeias and is characterized phytochemically by a number of C-glycosyl flavonoids [1c,d]. The principal bioactive compounds in this genus are derivatives of apigenin (vitexin, isovitexin, swertisin, saponarin) and luteolin (orientin, isoorientin, schaftoside), which constitute the major quality markers for P. incarnata [1c]. Harmane -carbolinic alkaloids have not been found in P. incarnata in any quantity [1c]. Most research work has been focused on P. incarnata, which possesses significant CNS depression activity [6, 7] .
Passion flower plants (genus Passiflora, family Passifloraceae) are inhabitants of the tropical and semi-tropical zones of North, Central and South America [1a] . Leaves, aerial parts and flowers of Passiflora have been traditionally used for treatment of stress, anxiety, depression, insomnia, cardiac arrthymia and asthma [1b-d] . The roots, which are practically devoid of anxiolytic effects, can act as adulterants and should be separated from the aerial parts [2] . The aerial parts of Passiflora species especially P. alata Dryander, P. edulis Sims, and P. incarnata L. have been traditionally used in America and Europe to treat anxiety and nervousness [3,4a,b,5] . P. incarnata is included in the current European and British Pharmacopoeias and is characterized phytochemically by a number of C-glycosyl flavonoids [1c,d] . The principal bioactive compounds in this genus are derivatives of apigenin (vitexin, isovitexin, swertisin, saponarin) and luteolin (orientin, isoorientin, schaftoside), which constitute the major quality markers for P. incarnata [1c] . Harmane -carbolinic alkaloids have not been found in P. incarnata in any quantity [1c] . Most research work has been focused on P. incarnata, which possesses significant CNS depression activity [6, 7] .
A number of analytical methods have been reported for the analysis of flavonoids or harmane alkaloids [1c, 4a,8a-c,9] . One study [8a] showed that out of 17 samples of P. incarnata screened for alkaloids, only one showed the presence of harmanes. However, no method has been developed for the simultaneous determination of flavonoids and harmane alkaloids from the aerial parts of P. incarnata using UPLC with PDA and MS detection. The purpose of this work was to develop a fast sensitive UPLC-UV-MS combined analytical method for the harmane -carboline alkaloids [harmalol (1), harmol (2) , harmane (3), harmaline (4), harmine (5) ] and flavonoids [orientin (6) , isoorientin (7), vitexin (8), and isovitexin (9) ] from the aerial parts of P. incarnata and dietary supplements.
The compounds were numbered by the order of elution using the UPLC-UV method. The study also profiled several other Passiflora species [P. violacea Vell. (PV), P. edulis (PE), P. suberosa L. (PS), P. morifolia Mast. (PM) and P. quadrangularis L. (PQ)] that potentially could be found as substitutes for P. incarnata. These chemical characterizations can provide, for example, authentication of samples, detection of adulteration, and differentiation between closely related species. The analytical method was also applied to dietary supplements claiming to contain P. incarnata. UPLC-MS analysis was performed for confirmation of the nine compounds in the plant sample and products that claim to contain P. incarnata. A HPTLC method was also developed for the fast chemical fingerprint analysis of Passiflora samples relating to the presence of flavonoids.
Chromatographic conditions: Optimal chromatographic conditions were determined by using different mobile phases with various reversed phase C18 columns. The different columns evaluated for LC were Acquity UPLC BEH C18 (100 mm × 2.1 mm I.D., 1.7 µm), Acquity UPLC BEH C18 (50 mm × 2.1 mm I.D., 1.7µm), and Acquity UPLC BEH Shield RP18. The best results were observed with the BEH shield RP18 column (100 mm × 2.1 mm I.D., 1.7µm) using water and acetonitrile, both containing 0.05% formic acid, as the mobile phase. Acetonitrile was preferred over methanol as the mobile phase because its use resulted in improved separation, as well as a significantly reduced column back pressure.
Accuracy, precision and linearity: The five point calibration curves for all nine compounds showed a linear correlation between concentration and peak area. Calibration data indicated that the linear range (r 2 >0.99) of the detector was 0.5-25 µg/mL for compounds 1-5 and 0.25-250 µg/mL for compounds 6-9. The LOD and LOQ for compounds 1-9 were found to be in the range of 0.075-0.1 µg/mL and 0.25-0.5 µg/mL, respectively. Multiple injections showed that the results were highly reproducible with low standard deviations. Accuracy of the method was confirmed by performing recovery experiments. After exhaustive extraction four times and drying, P. incarnata (PI-02) was spiked with known amounts of the standard compounds at two different concentrations (1 and 10 µg/mL for compounds 1-9). The spiked samples were subsequently extracted and analyzed under optimized conditions. Values in mg/100 mg of plant sample; relative standard deviation (% CV) are given in parentheses.
Recoveries of 97.3% -103.4% for compounds 1-9 were obtained. Intra-and inter-day variation of the assay was determined to be lower than 5%, with a maximum RSD of 1.7%. The within day coefficients of variations (CVs) for replicates (n=3) were in the range from 0.06-1.69% for compounds 6-9. The CVs for the day to day replicates (n=9) were between 0.13-1.27% for compounds 6-9. Table 1 shows the intra-and inter-day precision obtained using the UPLC-UV method for plant sample PI-02.
HPTLC:
Various proportions of ethyl acetate: formic acid: water were tried as the mobile phase to achieve separation of compounds 6-9 on silica gel HPTLC plates. Ethyl acetate: formic acid: water (16.5:1.4:1.2, v/v/v) was found to be the most suitable eluent for the separation of these four flavonoids. The HPTLC experiments were carried out using compounds 6-9 as standards after treatment with methanolic diphenylboric acid -β-ethylamino ester reagent. The analysis of dietary products showed variation in the relative intensities of the separated zones, but the fingerprint profiles were found to be similar to those of the plant samples. A TLCdensitometric method was developed for chemical fingerprint analysis of various species of Passiflora and dietary supplements.
The method is suitable for rapid authentication, and visual comparison of the differences between various Passiflora species and dietary supplements. It provides a fast, cost effective, alternative method for qualitative analysis, and thus can be useful in the authentication of P. incarnata and screening of commercial products.
UPLC-UV:
The identification of the compounds in Passiflora samples were based on their retention times and by comparison of their UV spectra with those of standards. The developed method was used for analysis of nine compounds in Passiflora species and commercial samples of Passiflora. Table 2 shows the variations in concentrations of the various compounds in samples of Passiflora and commercial products. Table 3 shows the information contained on the labels for the supplements studied, as well as the mg/day of the dosage form. In the analysis of these samples, extraction conditions were optimized by varying the time, extraction solvents and temperature. Extractions were carried out at room temperature, for two time intervals (15, 30 min). The 30 min extraction with 80% methanol provided the best conditions for complete extraction.
The developed method was validated for all the parameters tested and successfully applied to the identification of the test compounds in five different species of Passiflora (PV, PE, PS, PM, and PQ), Peganum harmala (PH) and four dietary supplements that claimed to contain P. incarnata. Flavonoids 6-9 (Table 2) were detected in the samples of P. incarnata, P. morifolia, P. violacea, P. edulis and three dietary products, but were not detected in samples of P. suberosa, P. quandrangularis and one commercial product (P2). Compounds 6 and 7 were present in the range from 0.004-0.18% and 0.004-0.34%, respectively, in the various Passiflora species. Vitexin (8) was detected in the range from 0.02-0.13% in all the species of Passiflora, but was below the limits of quantification in sample PE. Isovitexin (9) was present at levels of 0.035-0.67% in various species of Passiflora. In three commercial products, compounds 6-9 were detected in the ranges from 0.19-0.52, 0.44-3.3, 0.11-1.22, and 0.32-7.5 mg/day, respectively (Table 3) . Compounds 7 and 9 were the major compounds in PI-01, PI-02, PE, P-1 and P-3, whereas 6 and 9 were the major ones in PV, and 8, 9 in PM and P-4. In P-2, compounds 1-9 were not detected.
Harmane -carboline alkaloids (1-5) were not detected in any of the Passiflora samples and dietary products analyzed, although previous studies [8a,b] had shown the presence of these compounds in Passiflora samples. A combined method for the two classes of compounds (flavonoids and harmane alkaloids) has been developed that will be helpful for identification of these constituents for the quality control of dietary supplements. The validation of the method for the identification of harmane alkaloids was applied to Peganum harmala, which showed the presence of compounds 1, 2, 4 and 5 in concentrations of 0.41%, 0.02%, 3.63% and 3.03%, respectively, but compound 3 was not detected. 
UPLC-MS analysis of Passiflora species
Natural Product Communications Vol. 7 (9) 2012 1179 + product ion spectra permitted the identification of several isomeric flavonoids containing different sugar moieties on the same aglycone. LC-MS analysis confirmed the molecular mass of the different components, so that a more reliable assignment could be made. The C-glycosyl flavone isomer pairs, orientin/isoorientin and vitexin/isovitexin, are found in P. incarnata. The compounds identified as orientin/isoorientin, vitexin/isovitexin, and saponarin were compared with standards. The differentiation of the fragmentation patterns and chromatographic separations of these isomers are challenging. However, the MS data provided (Table 4) + ion, a characteristic feature of a C-glucoside flavonoid. The other compounds identified were isovitexin-2"-Oglucopyranoside, isoorinetin-2"-O-glucoside and chlorogenic acid, which were confirmed by [M+H] + ions at m/z 595.2, 611.2 and 355.1, respectively.
In conclusion, the newly developed UPLC method for the simultaneous determination of five harman -carboline alkaloids and four flavonoids was found to be capable of giving fast retention times, while maintaining better resolution than that achieved with conventional HPLC. The developed method was validated for all the parameters tested and successfully applied to the identification of six species of Passiflora, and dietary supplements that claim to contain P. incarnata. All the test flavonoids were detected in the P. incarnata, P. edulis, P. violaceae, and P. morifolia samples analyzed, and in three dietary supplements, whereas harmane -carboline alkaloids were not detected in any of the Passiflora samples or dietary supplements analyzed. The limits of detection for all compounds were found to be in the range 0.07-0.1 µg/mL. LC-MS coupled with electrospray ionization (ESI) involves the use of [M+H] + and [M+Na] + ions in the positive ion mode, with selective ion recording (SIR).
Experimental

HPTLC:
The chromatographic equipment used for HPTLC consisted of a Linomat 5 automatic applicator, TLC scanner 3, reprostar 3 along with winCATS 4 software ver. 1.3.2 (CAMAG, Switzerland). Glass plates (10 x 10 cm) (Merck, Darmstadt, Germany) were coated with silica gel 60F 254 . Before use, the plates were prewashed with methanol and dried in an oven. Sample application was carried out with a CAMAG Linomat 5. The dosing rate was 90 nL/sec. The plate contained 8 tracks and all samples were applied according to the following settings: band width 8 mm; distance between bands 10 mm; application volume 2-5 µL. Chamber saturation was accomplished using 10 × 10 cm Whatman filter paper for 20 min. Development was carried out with ethyl acetate: formic acid: water (16.5:1.4:1.2, v/v/v) until the solvent front was 80 mm from the lower edge of the plate. The temperature was maintained at 20-25ºC and relative humidity was 55-65%. The temperature and humidity were measured with an Acurite instrument. Developed plates were immersed for 2 sec in a methanolic diphenylboric acid -β-ethylamino ester reagent, and dried in an oven for 5 min at 100 º C. A CAMAG DigiStore2 digital system with winCATS software 1.4.3 was used for visualization of the derivatized plates at 366 nm.
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UPLC-UV-MS:
All analyses were performed on a Waters Acquity UPLC TM system (Waters Corp., Milford, MA, USA) that included a binary solvent manager, sampler manager, column compartment and PDA (Waters Acquity model code UPD) controlled by a Waters Empower 2 data station. An Acquity UPLC TM BEH Shield RP18 column (100 mm×2.1 mm I.D., 1.7 µm), also from Waters, was used. The column and sample temperatures were maintained at 40C and 25C, respectively. The column was equipped with a LC-18 guard column (Vanguard 2.1 x 5 mm, Waters Corp., Milford, MA, USA). The mobile phase consisted of water (0.05% formic acid) (A), acetonitrile (0.05% formic acid) (B) at a flow rate of 0.27 mL/min, which were applied in the following linear gradient elution: 0 min, 90 %A: 10% B linearly increased in the next 10 min to 77% A: 23% B. Separation was followed by a 2 min washing procedure with 100% B and a re-equilibration period of 3.5 min. A strong needle wash solution (95/5; acetonitrile/water) and weak needle wash solution (10/90; acetonitrile/water) were used. All solutions were filtered through 0.20 µm membrane filters and degassed before usage. The run time for analysis was 8 min. The injection volume was 2 µL. The detection wavelength was 340 nm for all 9 compounds. Chromatographic peaks were assigned to specific compounds by spiking the samples with standard compounds and comparison of retention times. The effluent from the LC column was directed into the quadrupole MS (SQD). Mass spectrometer conditions were optimized to obtain maximal sensitivity. The source temperature and the desolvation temperature were maintained at 150 and 350C, respectively. The probe voltage (capillary voltage), cone voltage and extractor voltage were fixed at 2.5kV, 30V and 3V, respectively. Nitrogen was used as the desolvation gas (650 L/h) and drying gas (25 L/h). Preparation of standard solutions: An individual stock solution of standard compounds was prepared at a concentration of 1.0 mg/mL in methanol. The calibration curves were prepared at 5 different concentration levels. The range of the calibration curves was 0.5-25 µg/mL for compounds 1-5 and 0.25-250 µg/mL for compounds 6-9.
Preparation of sample solutions: Dry, ground aerial parts (500 mg) of Passiflora samples or a capsule were sonicated in 2.5 mL of methanol for 30 min followed by centrifugation for 10 min at 4000 rpm. The supernatant liquid was transferred to a 10 mL volumetric flask. The procedure was repeated thrice and respective supernatants combined. The final volume was adjusted to 10.0 mL with methanol and the solution was mixed thoroughly. Prior to injection, an adequate volume (ca. 2 mL) was passed through a 0.2 µm nylon membrane filter. The first mL was discarded and the remaining volume was collected in a LC vial. Each sample solution was injected in triplicate.
Validation procedure: The UPLC method was validated in terms of precision, accuracy, and linearity according to ICH guidelines [11] . LOD and LOQ were defined as the signal-to-noise ratio equal to 2 or 3 and 10, respectively. The accuracy of the assay method was evaluated in triplicate using two concentration levels of 1 and 10µg/ml. Intra-and inter-day variation of the assay was determined on 3 consecutive days with 3 repetitions each.
